Evidence is statistically inconclusive but suggestive that lobectomy, compared with limited resection, is associated with increased long-term survival for early-stage lung cancer. Clinical, socioeconomic, and surgeon factors appear to be associated with the choice of surgical resection.
Lung cancer is the most common cause of cancer-related death for both men and women in the United States (1) . In 2010, an estimated 222 520 people will be diagnosed and 157 300 will die of the disease (2) . For the approximately 80% of lung cancer patients diagnosed with non-small cell histology, surgical resection provides the best chance for cure of localized disease (3) .
Lobectomy, defined as the removal of one of the five lobes of the lung and associated lymph nodes within a single pleural membrane, is considered the standard treatment for surgical resection of early-stage non-small cell lung cancer (NSCLC) (4, 5) . Sublobar resections, including segmental or wedge resections, remove less uninvolved lung tissue and thus may benefit patients with less physiological reserve in lung function. Limited resections, however, require division of lung parenchyma across shared lobar vasculature, lymphatics, and bronchi, thus theoretically increasing the risk of local recurrence (4) .
In 1995, the Lung Cancer Study Group's randomized trial of limited resection vs lobectomy for T1N0 disease revealed a tripling of locoregional recurrence with limited resection and a trend of improved survival for lobectomy (6, 7) . The ideal extent of resection for early-stage NSCLC, however, remains controversial. Sublobar resection has been advocated for very small tumors (8, 9) and highrisk patients including the elderly (10) or those with poor cardiac or respiratory function (11, 12) . Multiple nonrandomized studies have shown no difference in recurrence rate and overall survival between limited resection and lobectomy for specific subgroups (8, 9, (11) (12) (13) (14) .
In the 15 years since the Lung Cancer Study Group trial, surgical management has evolved with limited resections and
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Predictors and Outcomes of Limited Resection for Early-Stage Non-Small Cell Lung Cancer
Background
Lobectomy is considered the standard treatment for early-stage non-small cell lung cancer (NSCLC); however, more limited resections are commonly performed. We examined patient and surgeon factors associated with limited resection and compared postoperative and long-term outcomes between sublobar and lobar resections.
Methods
A population-and health system-based sample of patients newly diagnosed with stage I or II NSCLC between 2003 and 2005 in five geographically defined regions, five integrated health-care delivery systems, and 15 Veterans Affairs hospitals was observed for a median of 55 months, through May 31, 2010 . Predictors of limited resection and postoperative outcomes were compared using unadjusted and propensity scoreweighted analyses. All P values are from two-sided tests.
Results
One hundred fifty-five (23%) patients underwent limited resection and 524 (77%) underwent lobectomy. In adjusted analyses of patient-specific factors, smaller tumor size (P = .004), coverage by Medicare or Medicaid, no insurance or unknown insurance (P = .02), more severe lung disease (P < .001), and a history of stroke (P = .049) were associated with receipt of limited resection. In adjusted analyses of surgeon characteristics, thoracic surgery specialty (P = .02), non-fee-for-service compensation (P = .008), and National Cancer Institute cancer center designation (P = .006) were associated with higher odds of limited resection. Unadjusted 30-day mortality was higher with limited resection than with lobectomy (7.1% vs 1.9%, difference = 5.2%, 95% confidence interval [CI] = 1.5% to 10.8%, P = .003), and the adjusted difference was not statistically significant (6.5% vs 2.9%, difference = 3.6%, 95% CI = 2.1% to 9.2%, P = .09). Postoperative complications did not differ by type of surgery (all P > .05). Over the course of the study, a non-statistically significant trend toward improved longterm survival was evident for lobectomy, compared with limited resection, in adjusted analyses (hazard ratio of death = 1.35 for limited resection, 95% CI = 0.99 to 1.84, P = .05).
lobectomy increasingly performed by minimally invasive techniques. Additionally, advances in medical imaging have resulted in better preoperative staging and the detection of smaller lesions (15) (16) (17) . Improvements in perioperative management have increased patient safety (18, 19) . These changes may have altered the risk-benefit balance between sublobar resection and lobectomy. However, current rates and outcomes of limited resections for stage I and II NSCLC in the United States are unknown.
Therefore, we analyzed a large multiregional cohort of patients newly diagnosed with lung cancer to determine the relative frequency of different resection types and to examine whether patients' clinical and sociodemographic characteristics were associated with receipt of a limited resection. In addition, we surveyed surgeons of these patients to assess surgeon and practice characteristics that may influence the choice of resection. Finally, to compare the effectiveness of limited resection and lobectomy, we analyzed rates of postoperative complications, mortality, and long-term survival. (20) . Briefly, eligible patients were identified through state or regional tumor registries or through hospital tumor registries in participating integrated delivery systems. Eligible patients were invited to participate by mail and phone. The study protocol was approved by the human subjects committees at all participating institutions, and patients provided written informed consent for participation.
Methods
Study Overview
Study Cohort
We included patients with stage I or II NSCLC as defined by the American Joint Commission on Cancer (21) . To create a cohort of patients who could plausibly undergo either lobectomy or sublobar resection, we excluded patients who underwent pneumonectomy, extended resection (lung resection with en bloc removal of extrapulmonary tissue such as chest wall, diaphragm, or pericardium), local tumor destruction, or undefined surgery type. The limited resection group was defined as those who underwent wedge resection or segmentectomy. The lobectomy group included patients who underwent lobectomy or bilobectomy but not a bronchial sleeve resection (indicating a proximal tumor ineligible for limited resection).
Data Collection
A baseline telephone interview was conducted approximately 4-6 months after initial diagnosis, with either patients or their surrogates if patients were deceased or too ill to be interviewed. Interview topics included information about their care providers, income, education, and smoking history. Medical records were obtained from providers identified by patients or surrogates and abstracted by trained medical record abstractors to assess insurance coverage, tumor stage and histology, surgery type, comorbidities, and postoperative medical events. Severity of lung disease was defined as noted in the legend of 
Statistical Analysis
Patient and surgeon characteristics of the two resection groups were compared separately. Wilcoxon and t tests were used in univariate analyses to assess the relation between continuous variables
CONT E X T A N D C A V E A T S
Prior knowledge
It is unclear whether lobectomy or limited resection is preferable for the surgical treatment of early-stage non-small cell lung cancer (NSCLC). 
Study design
Contribution
Smaller tumor size, lack of insurance, and more severe lung disease, and having a surgeon who was a thoracic specialist or at an NCI cancer center each statistically significantly associated with limited resection. Unadjusted 30-day mortality was higher for limited resection than lobectomy; however, the adjusted values were not statistically significant.
Implication
Thirty-day and long-term survival were slightly, but not statistically significantly, greater for patients who underwent lobectomy compared with limited resection.
Limitations
This was a retrospective observational study, and patients who were chosen for limited resection had different characteristics from those chosen for lobectomy. Survival analyses were limited to overall survival and did not include disease-free survival or disease-specific mortality.
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and receipt of limited resection, as appropriate. Fisher exact test and x 2 test were used to assess associations with categorical variables. Univariate and multivariable analyses that included surgeon characteristics were adjusted for clustering by surgeon. Logistic regression models, including all variables with P less than .10 in univariate analyses, were used to examine the joint association of multiple predictor variables with receipt of limited resection.
Unadjusted and propensity score-adjusted analyses were performed to compare postoperative outcomes. Unadjusted KaplanMeier estimates for overall survival were generated for lobectomy and limited resection groups and were compared by the log-rank test. To adjust for differences between the limited resection and lobectomy cohorts using propensity score weighting, we fitted a logistic regression model with receipt of limited resection as the dependent variable and the patient characteristics listed in Table 1 as independent predictors and calculated the predicted probability of limited resection for each patient based on their characteristics. We then weighted the limited resection group by the propensity for lobectomy and the lobectomy group by the propensity for limited resection. The weighted distributions for all covariates in the model were consequently made equal for the two groups (22) .
Adjusted comparisons of 30-day complications by resection type were performed by weighted x 2 tests. A doubly robust propensity score-adjusted Cox proportional hazards model was used to examine differences in risk of death of patients who received lobectomies vs limited resections. We used propensity score weighting to balance the treatment groups on all the patient characteristic variables in Table 1 and further adjusted the Cox model for variables chosen by forward selection of predictors with P < .05 in a preliminary Cox model without propensity score adjustment; these variables included study site, sex, age, education, respiratory status, history of myocardial infarction, history of congestive heart failure, and stage (23) . Schoenfeld residuals were used to confirm the assumption of proportionality for the Cox model. Statistical analyses were conducted using SAS statistical software (Cary, NC). All statistical tests were two-sided, and P values less than .05 were considered statistically significant.
Results
Study Cohort
Among patients who were initially recorded as having stage I or II disease during the study enrollment process, the patient consent rate was 67.0%. Using a standard definition, the patient survey response rate was 64.3% and the surgeon response rate for the physician survey was 62.5% (24) . Of the 1200 patients identified with confirmed stage I or II NSCLC, 955 (80%) underwent surgery. The types and numbers of surgical resections that were included in our study cohort are depicted in a flow chart (Figure 1 ). We excluded six (0.6%) patients who underwent local tumor destruction, 128 (13%) who underwent a pneumonectomy, and four (0.4%) who had other types of surgery, leaving 209 (22%) patients who underwent resection or excision of less than one lobe and 608 (64%) patients who underwent lobectomy or bilobectomy, including extended resections. From the former group, we excluded 49 patients with unspecified sublobar resections (to ensure the exclusion of sleeve resections or laser excisions), three patients with bronchial sleeve resections, and two patients with laser excisions; and from the latter group, we excluded 84 patients with extended resections. The final study cohort included 155 (23%) patients who underwent either a wedge (n = 120) or segmentectomy (n = 35) and 524 (77%) patients who had a lobectomy or bilobectomy without an extended resection.
Patient Characteristics
The demographic characteristics of patients who underwent limited resection and lobectomy are shown ( Table 1 ). The sample was largely elderly, male, white, and married or living with a partner. No statistically significant differences in age or income were noted between patients who received the two resection types. There was a statistically significant difference in insurance status between the two cohorts, with patients who underwent lobectomy more likely to have private insurance and less likely to have Medicare, Medicaid, an unknown type of insurance, or no insurance (P = .03). There was also a statistically significant difference in educational level between the two groups, with the limited resection group more likely to have a college degree (P = .02).
Greater than 85% of the patients in each group were current or former smokers. The overall comorbidity score was statistically significantly higher in the limited resection group than in the lobectomy group (P < .001). Patients in the limited resection cohort had greater severity of lung disease than the lobectomy group (P < .001) and were more likely to have a history of heart failure (P = .007), stroke (P = .02), and obesity (P = .03). Patients were more likely to undergo limited resection for pathological stage I disease than stage II disease (P < .001). Patients in the limited resection group had smaller tumors (for patients who received sublobar resections, median tumor diameter = 22 mm; interquartile range [IQR] = 15-30 mm; for patients who received lobectomies, median tumor diameter = 30 mm; IQR = 20-40 mm; P < .001). There was no difference in tumor histology between patients who underwent sublobar vs lobar resection; most patients in each group had adenocarcinoma.
Adjusted Patient-Specific Predictors of Limited Resection
We first examined multivariable predictors of receiving a limited resection (Table 2) . After controlling for study site differences, insurance status remained statistically significantly associated with limited resection; patients with Medicare, Medicaid, or insurance categorized as none, other, or unknown had an increased odds of receiving a limited resection relative to patients with private insurance (P = .02). The likelihood of limited resection increased with more severe lung disease (P < .001) and with a history of a stroke (P = .049). Each centimeter increase in tumor size was associated with decreasing odds of receiving a limited resection (odds ratio [OR] = 0.82, P = .004). In the multivariable model, education, heart failure, and obesity were not statistically significantly associated with receipt of a limited resection.
Surgeon Characteristics
Of the 679 patients who underwent either limited resection or lobectomy, 364 (54%) patients had a surgeon who completed a provider survey. Of these 364 patients, 35 had more than one surgeon who completed a survey, with a total of 400 surveys linked to # Comorbidity score was assigned based on medical abstraction data according to the highest ranked of 26 single ailments. If two or more ailments in different organ systems were scored as "moderate," the score was designated as "severe.". ** Severity of lung disease was categorized as mild if the patient carried a diagnosis of restricted lung disease or chronic obstructive pulmonary disease that responded to treatment, recent dyspnea with activity, or recent FEV1 in the range of 66%-80%. Moderate lung disease defined as lung disease that limits activities, recent dyspnea on mild exertion, such as walking from chair to television, or a recent FEV1 from 51% to 65%. Severe disease included patients with any of the following: marked pulmonary insufficiency, dyspnea at rest despite treatment, recent supplemental oxygen requirement, recent carbon dioxide retention, as evidenced by arterial carbon dioxide value of greater than 50 torr, recent hypoxemia as evidenced by oxygen pressure less than 50 torr, or a recent FEV1 of less than 50%. † † Obesity was defined as body mass index greater than 38 kg/m 2 or a report of morbid obesity in the medical record.
patients in the cohort. The number of patients with multiple surgeon surveys was similar in the limited resection and lobectomy groups (16% vs 18%, P = .64). A total of 146 surgeons provided the survey responses for a median of two patients in the study cohort [IQR = 2-10, maximum 36]. Surgeons of patients in the lobectomy group were statistically significantly more likely to be male than those of patients in the limited resection group (95% vs 89%, respectively, P = .002). Surgeons of patients in the limited resection group tended more often to be thoracic surgeons compared with surgeons of patients in the lobectomy group (81% vs 72%, P = .09) and they tended to perform a higher number of lung resections per month (median: 6 [IQR = 3-10]) vs 4 [IQR = 2-10], P = .07).
Surgeons of patients in the limited resection group were statistically significantly less likely to be in a physician-owned practice than those of patients in the lobectomy group (P = .004) and they less commonly reported fee-for-service payment (P = .005) but had a similar percentage of patients in managed care (P = .75). Surgeons of patients in the limited resection group were more likely to practice at a National Cancer Institute (NCI)-designated cancer center than surgeons of patients in the lobectomy group (55% vs 27%, respectively, P < .001) and were also more likely to enroll patients in clinical trials (49% vs 36%, P = .048).
No statistically significant difference in tumor board attendance (P = .06) or the amount of time teaching (P = .08) was evident between surgeons of patients in the limited resection and lobectomy groups.
Adjusted Surgeon-Specific Predictors of Limited Resection
In adjusted analyses, thoracic surgeons were more likely to perform limited resection than general surgeons (OR = 2.86, 95% CI = 1.36 to 6.00, P = .02). Surgeons who reported payment by fee-for-service were statistically significantly less likely to perform limited resection relative to those who reported other payment types (OR = 0.31, 95% CI = 0.13 to 0.73, P = .008). Surgeons at NCI-designated cancer centers were more likely than those at non-NCI-designated centers to perform limited resection (OR = 3.19, 95% CI = 1.55 to 6.58, P = .006). Sex, volume of lung resections per month, practice ownership, clinical trial involvement, and tumor board attendance were not statistically significant adjusted predictors of limited resection.
Clinical Outcomes
Twenty-eight (19%) patients in the limited resection and 85 (17%) in the lobectomy cohort had postoperative complications, with no statistically significant difference in either unadjusted or propensity score-adjusted analyses (all Ps > .05; Table 3 ). The unadjusted 30-day mortality rate was higher among patients who received limited resections than among the patients who received lobectomies (7.1% vs 1.9%, difference = 5.2%, 95% CI = 1.5% to 10.8%, P = .003), but after adjustment the difference was not statistically significant (6.5% vs 2.9%, difference = 3.6%, 95% CI = 2.1% to 9.2%, P = .09).
We next examined the unadjusted Kaplan-Meier estimate of overall survival by resection type, with a median follow-up of 55 months (Figure 2 ). The 5-year survival rate was somewhat lower for patients who received limited resections compared with that for patients who received lobectomies (5-year survival with limited resection = 49% [95% CI = 41% to 57%]; 5-year survival with lobectomy = 57% [95% CI = 52% to 61%]). A non-statistically significant trend toward improved survival for lobectomy was * Twenty-nine patients had missing complications data. † Adjustment by weighted propensity score. ‡ P values generated by two-sided Fisher exact tests for unadjusted and weighted two-sided x 2 tests for adjusted analyses. § Pulmonary complications include aspiration, bronchopleural fistula, new home oxygen requirement, pneumonia, and respiratory failure requiring intubation.
ǁ Cardiovascular complications include angina, congestive heart failure, stroke, cardiac arrest, deep vein thrombosis, indwelling venous catheter clot, myocardial infarction, and pulmonary embolus.
evident in unadjusted analyses (P = .09) and in analyses adjusted by propensity score, with double adjustment for study site, sex, age, education, respiratory status, history of myocardial infarction, history of congestive heart failure, and stage (hazard ratio = 1.35, 95% CI = 0.99 to 1.84, P = .05).
Discussion
Although lobectomy is considered the standard treatment for early-stage NSCLC, we found that limited resections were commonly performed in this study population, with sublobar resections representing greater than 20% of all procedures performed for patients with stage I or II disease. This relatively high frequency likely reflects both the extent of comorbidity seen in patients with lung cancer and ongoing disagreement concerning the appropriate role for limited resection in the treatment of NSCLC. In adjusted analyses of patient-specific factors, Medicare, Medicaid, lack of or unknown type of insurance, small tumor size, increasing severity of lung disease, and history of stroke were independently associated with receipt of a limited resection. Receipt of limited resection was not associated with age, race or ethnicity, or income. From the provider perspective, thoracic surgery specialty, practice at an NCIdesignated cancer center, and non-fee-for-service compensation were all associated with higher odds of performing limited resection. Previous literature exploring the impact of socioeconomic factors on lung cancer care processes and outcomes has primarily focused on survival differences or whether appropriate patients received any surgical treatment. Greenberg et al. (25) found that NSCLC patients with private insurance were more likely to be treated with surgery, whereas McDavid et al. (26) found a 10% decrease in 3-year survival after lung cancer diagnosis for patients with no insurance vs private insurance (13% vs 23%, respectively). Higher income has also been associated with receipt of surgical treatment of NSCLC and increased likelihood of achieving 5-year survival (27, 28) . Similarly, lower education levels have been found to be associated with a decreased likelihood of surgical treatment (29) . In our study, insurance status, but not income or education, was associated with the type of surgical resection received in the adjusted analysis. This association could represent a provider bias against certain insurance types.
Use of limited resection for very small tumors has been extensively debated in the literature, with advocates both for and against consideration of sublobar resection for tumors smaller than a variety of size thresholds (6, 9, 13, (30) (31) (32) (33) . This study confirmed that tumor size is an important determinant of the choice of resection type. A randomized controlled trial of sublobar resection vs lobectomy for stage IA tumors less than 2 cm in diameter is ongoing, with completion expected in 2012 (34) .
Additionally, our results indicate that patients' overall health and comorbid conditions affect the decision whether to use a limited resection. Increasing severity of lung disease and a history of stroke were associated with receipt of limited resection, indicating that sublobar resections can serve as an alternative approach for those unable to tolerate lobectomy. Whereas limited resections are also often advocated for the elderly (10,35,36), we did not find an association between age and resection type in this cohort.
The finding of higher frequency of limited resection by thoracic surgeons at NCI-designated cancer centers could reflect either a tendency for surgeons at those hospitals to perform sublobar resections rather than declaring a patient a nonsurgical candidate or a tendency for higher risk patients to be referred to tertiary treatment centers. The method of compensation is known to affect physician behavior, with evidence of earlier diagnosis of some cancers in the HMO relative to the fee-for-service setting (37) (38) (39) (40) . Our results suggest that surgeon payment method could also affect the type of resection performed, with limited resections performed less often in feefor-service than salary-based practices. This finding may in part be due to lower Medicare reimbursement for some limited resections, depending on the procedure performed. National average reimbursement rates range from $808 for a thoracoscopic wedge to $1491 for a segmentectomy, in contrast to $1537 to $1642 for a lobectomy (41) .
Comparing short-term outcomes after limited resection and lobectomy, we found no difference in postoperative complications, consistent with previous findings of the Lung Cancer Study Group (6). The higher 30-day mortality rate in the limited resection group likely reflects underlying comorbidity differences, as the discrepancy in rates became non-statistically significant after adjustment for baseline patient characteristics. Although we ascertained many postoperative complications, our morbidity data did not include some events that are traditionally monitored after thoracic surgery, including prolonged air leak or chest tube requirement, recurrent laryngeal nerve injury, or new atrial arrhythmias. Our complication rate is thus lower than reported in other series (42, 43) .
Like the Lung Cancer Study Group's randomized controlled trial of lobectomy vs limited resection (6) and a recent Surveillance, Epidemiology, and End Results-Medicare analysis of patients with tumors sized 3 cm in diameter or less (13) , this study showed a trend of improved survival with lobectomy; however, this trend was non-statistically significant before and after adjustment for differences in patient characteristics. Examination of all-cause mortality reflects the risk of death both due to cancer and from unrelated illnesses. Due to poorer baseline health, we expected a higher rate of death due to competing causes in the limited resection group, and persistence of this difference even after adjustment may be due to unobserved clinical factors.
Strengths of this study include the use of a large multiregional patient cohort. It encompassed a wide range of practice settings, extensive rigorously collected data, and a contemporary timeframe that reflects recent advances in medical and surgical care.
This study also had limitations inherent in retrospective analyses of observational data. Patients who underwent sublobar resections were different than those chosen to undergo lobectomy. Unmeasured selection effects in an observational study can make it difficult to determine definitely whether a potential survival benefit is a true consequence of resection type. We did not ascertain differences in cause of death or disease-free survival.
In summary, this evidence was statistically inconclusive; however, it suggested that lobectomy may be associated with greater long-term survival than limited resection in patients with earlystage lung cancer. Some clinical, socioeconomic, and surgeon factors were statistically significantly associated with the choice of surgical resection for early-stage NSCLC. We believe that providers should seek to reduce the impact of socioeconomic factors such as patient insurance status and surgeon compensation type on clinical decision making. Gastrointestinal bleeding, not otherwise specified
